The reported occurrence of synergistic false-positive coliform reactions on MEndo MF medium was investigated. The objectives of the study were (i) to isolate populations of bacteria which produced such false-positive reactions, (ii) to determine whether false-positive sheen reactions are a result of synergistic interaction, and (iii) to determine the metabolic intermediates involved in false-positive sheen production. Samples of river water were subjected to coliform analysis by the membrane filter technique with M-Endo MF medium. Suspect sheen-forming colonies were analyzed to determine purity and identity of cultures. Mixed cultures were separated, and individual isolates were examined for sheen production. The isolates not producing a sheen were recombined and tested further for sheen production. Those mixtures reproducing the sheen were characterized biochemically and tested to determine the metabolic intermediates involved. Chromatographic analysis of the metabolites showed that individual isolates produced an assortment of neutral organic compounds including 2-butanone, 2,3-butanedione, formaldehyde, and butyraldehyde, whereas acetaldehyde or propionaldehyde was produced only by the mixed cultures. Tests showed that both propionaldehyde and acetaldehyde could react to produce a sheen on M-Endo medium. The conclusion was reached that synergistic false-positive coliform reactions do indeed occur on M-Endo MF medium.
The standard test for the detection of coliform organisms in river water has been the multipletube fermentation technique (MPN). It was not until 1957 that the Standard Methods for the Examination of Water and Wastewater (1) tentatively accepted the membrane filter technique, which, because of its ease and rapidity in providing results, is now widely used.
A positive coliform test with the membrane filter technique is defined as the production of a dark colony with a metallic sheen within 24 hr incubation at 35 C on M-Endo medium (1) . The sheen produced by the coliform organisms in the membrane filter technique is the result of a complex formed by the combination of sulfite and basic fuchsin with the acetaldehyde produced by the metabolic activities of the coliform (4) .
The accuracy of the method used in detecting coliforms has been questioned from both the false-negative and false-positive points of view. Melia (M.S. Thesis, Colorado State Univ., Fort Collins, 1965) showed that a high frequency of false-positive reactions occurred in the MPN technique with lauryl sulfate tryptose broth as the test medium. These false-positive reactions were found to be the result of a synergistic inter- 
RESULTS
Colonies suspected of giving false-positive coliform reactions were obtained from M-Endo MF medium and inoculated into 0.5% lactose broth. The cultures producing gas in the lactose broth were streaked on EMB and Endo agars to determine purity. The results showed that 29% (16 of 55) of the sheen-producing colonies for study were mixed colonies. Most of the organisms isolated from the mixed colonies were of the coliform type.
The mixed cultures and individual isolates of the mixtures were analyzed for their ability to reproduce a sheen on M-Endo MF medium. Individual isolates which did not produce a sheen, unless recombined to the original mixed pair, were used to study false-positive coliform reactions and to determine the metabolic intermediates responsible for the false-positive reactions. Individual isolates of the synergistic sheenproducing colonies were further studied for physiological characteristics. Results of the biochemical tests indicated that, although all isolates involved in synergistic sheen production were coliform types, there were no fecal coliforms which would grow at 44.5 C on M-FC medium.
Mixed cultures showing synergistic sheen production were inoculated into the chemically defined minimal medium with lactose as the carbon source and 0.21 % sodium sulfite added as a metabolic inhibitor to prevent further metabolism of acetaldehyde. Fermentation was carried out in screw-cap and cotton-plugged tubes (16 by 125 mm) so that the increase in turbidity could be measured directly. Cultures were also grown in cotton-stoppered 125-ml Erlenmeyer flasks containing the chemically defined minimal medium. The results from the three different incubation conditions described above showed no obvious difference in the exponential growth phase. For convenience, screw-cap tubes were used throughout the fermentation studies with incubation for an 18-hr period.
Hydrazones of neutral carbonyl compounds were formed and extracted from the chemically defined minimal medium in which the mixed cultures had been grown. The 2,4-dinitrophenylhydrazones of ketones and aldehydes were identified by chromatography and are listed in Table 1 . A summary of the results of the chromatographic separation of the phenylhydrazones of individual isolates and mixed cultures is shown in Table 2 .
To determine whether the acetaldehyde produced by the mixed cultures was a result of true synergistic interaction, the following study was conducted. Each making up the mixed culture was grown in the chemically defined minimal medium for 18 hr. The filtrate was then collected, and the second organism making up the mixture was allowed to grow in the filtrate until maximum growth was obtained. The 2, 4-dinitrophenylhydrazones formed in culture filtrates were subjected to descending paper chromatography as mentioned earlier.
Acetaldehyde was produced only when the organisms were incubated simultaneously in the medium and not with sequential incubation of the organisms in the medium. This evidence indicates that both individual organisms making up the mixed culture had to be present throughout the fermentation process before the aldehyde was produced and, therefore, the reaction could be considered truly synergistic.
DISCUSSION
The observed metallic sheen on M-Endo medium was reproduced by 38% (6 of 16) of the mixed colonies when incubated in mixed culture, whereas individuals of these mixtures were unable to produce the sheen. This reaction producing the metallic sheen was probably due to a synergistic interaction of the individual organisms making up the mixtures or possibly to a situation whereby one organism supplied metabolic intermediates for the other.
The remaining 62% of mixed colonies were classified into two different categories. One group of mixed cultures had an individual organism capable of reproducing a metallic sheen individually on the M-Endo medium and was shown to be a typical coliform; the other organism was a noncoliform and failed to produce a sheen. The second group of mixed cultures failed to produce a sheen either individually or in mixed culture. Lack of sheen production could have been due to an alteration in metabolism resulting from an environmental change or to catabolic repression. Another possible explanation is that a third organism in the original sheen-producing colony had been lost in the process of determining purity and this third part was necessary for the synergistic sheen production. The mixed cultures which failed to exhibit synergistic sheen production were excluded from further biochemical study.
The results obtained from the paper chromatographic separations suggest that different pathways were in operation in the various mixed cultures. In mixture no. 40, glyceraldehyde, 2, 3-butanedione, acetaldehyde, and butyraldehyde were produced. Organism no. 40A produced glyceraldehyde and 2,3-butanedione, and organism no. 40B produced glyceraldehyde, 2,3-butanedione, and 2-butanone. One mechanism by which acetaldehyde could have been formed was by the carboligase reaction. This reaction involves the conversion of the metabolic intermediates 2, 3-butanedione and 2-butanone to acetaldehyde (3). Since 2, 3-butanedione was isolated from all but one of the remaining mixed cultures, the mechanism mentioned above could also be responsible for the formation of acetaldehyde.
In one of the mixed cultures, propionaldehyde was isolated instead of acetaldehyde. Propionaldehyde was tested with M-Endo medium to determine whether a sheen would be produced; the resultant sheen was less intense than that of acetaldehyde but could be read as a positive coliform colony. It is probable then that propionaldehyde was responsible for false-positive sheen production since no acetaldehyde was produced by this mixture.
The results presented indicate that the acetaldehyde and propionaldehyde isolated from mixed cultures, but not from the individual organisms making up the mixed cultures, were responsible for false-positive sheen-producing reactions of M-Endo medium. Furthermore, from the facts that both organisms of a mixture had to grow together in the medium for the aldehyde to be produced and that sequential growth in the same medium failed to yield aldehyde, it must be concluded that acetaldehyde and propionaldehyde production which leads to false-positive coliform reaction is indeed a synergistic phenomenon.
